I. INTRODUCTION
Multilevel inverter topologies have gained attention in high power applications due to numerous advantages in comparison with the conventional two-level inverter such as low output voltage harmonic content, low stress in the load due to a significant reduction on dV/dt, low switching losses, and high voltage and power capabilities [1] - [3] . The three-level Neutral-Point Clamped (NPC) inverter also known as three-level diode clamped inverter is the most popular multilevel industrial topology because of its better relation cost-benefits [4] - [6] . During recent decades most of the research about the multilevel inverters has been focused on the analysis of the Pulse Width Modulation (PWM) techniques used to control the power semiconductors. The aim of that research is mainly focused on extending traditional modulation methods to the multilevel case, looking for less complex control algorithms despite of having more power electronic devices to control [2] , [3] and [5] . In this paper a Simplified Space-Vector Modulation algorithm for a three-level Neutral-Point Clamped inverter is implemented on a Freescale ® DSP56F8037. The aim of this algorithm is to reduce computing time and complexity of the process to calculate the dwell time for the space vector. The algorithm assumes that the space-vector diagram of a threelevel inverter is comprised by six small hexagons that are the space-vector diagrams of conventional two-level inverters [7] .
II. THREE-LEVEL NEUTRAL-POINT CLAMPED INVERTER
A. Inverter topology Fig. 1 illustrates the topology of a three-level NPC inverter. Each leg of the inverter is comprised of four switching devices, four anti-parallel diodes and two clamping diodes. The DC bus has two capacitors connected in series to provide a neutral point Z. The operation of the inverter switches is described by the switching states such as shown in Table I . Since there are three different switching states P, O, and N for each phase, the threelevel inverter has 27 possible switching states. III. SIMPLIFIED SPACE-VECTOR PWM METHOD The algorithm assumes that the space-vector diagram of a three-level inverter is comprised by six small hexagons that are the space-vector diagrams of conventional two-level inverters [7] ; it can be seen in Fig. 2 . The steps to simplify the space-vector diagram of a three-level inverter into a two-level inverter are as follows:
1. Select one of the six two-level hexagons. 2. Correct or recalculate the reference vector.
Once the space vector simplification has been carried out, the dwell times and the switching sequences are determined in the same way as for a two-level SVM method. 
A. Selection of the hexagon
Selection of the two-level hexagon relies on the referencevector position. However, there are regions that are not well defined because they belong to two hexagons. For example, if the reference vector is in the shadow area as it is illustrated in Fig. 3 (b) any of the two two-level hexagons (hexagon 1 or 2) can be selected. A solution to avoid the hexagon overlapping is showed in Fig.  3(b) , where the area of each hexagon has been redefined, and the three-level space vector is well delimited. As we can see by knowing the displacement angle of the three-level space vector ( ), it is possible to develop an algorithm of identification of two-level hexagons. In this work the hexagon identificationalgorithm reported in [7] is modified with the aim of reducing even more the complexity and the execution time of the simplified SVM algorithm. It is worth to point out that it is not needed to know at all the time the value of the angle of the vector , but only it is precise to identify the angles where the vector pass from one to the other hexagon (30 
B. Correction of the reference vector
Once the two-level hexagon has been identified the origin of the reference vector is moved to the center of the selected hexagon (see Fig. 6 ). This is done by subtracting the center vector of the selected hexagon from the reference vector. Now the new reference vector is located in a two-level space vector diagram. In the same way as in the identification algorithm the correction of the reference vector is done in the three-phase reference frame. That means that the three-phase components of each one of the six vectors pointing to the center of each hexagon must be known (see Table II ). The space vectors are normalized according to (1) :
Normalization allows us to have a maximum value in the lineal PWM region equal to unit. In order to simplify the correction algorithm, two auxiliary variables are defined "a & b" [7] which take different values in function of the two-level hexagon where the reference vector will be displaced (see Table II ). Hence, the three-phase components of vectors that are pointing to the centers of the six hexagons can be expressed in function of auxiliary variables. 
The three-phase components of the corrected vector which is now located in the two-level space vector can be obtained by the following equations:
_ _ C. Calculation of the dwell times. Function svmStd (Standard Space Vector Modulation) developed by Freescale ® was used to calculate the dwell times. It is worth to point out that even though the DSP56F8037 has many functions for motor control, it has not yet a function for the control of three-level inverters based on SVM [9] , [10] . To face that problem an algorithm to generate the duty cycles of the control signals for the three-level inverter by using a two-level SVM function was developed. The function svmStd calculates the dwell times which are generating the center-aligned PWM switching sequence t phase_A , t phase_B , t phase_C shown in the Fig. 7 [10] .
D. Control signals for the switching devices
To obtain the duty cycles of the control signals, the switching sequence needed in the space-vector diagram of a three-level inverter is determined first, and then it is related with the sequence obtained when the space vector is assumed as a twolevel space-vector. With the aim of making easier the analysis of the switching sequences, the three-level space vector diagram is redefined by enumerating all their space-vector areas as illustrated in Fig.8 . Considering the reference vector in the area 1 of the three-level space-vector diagram, the center-aligned PWM switching sequence is:
(POO)-(PON)-(PNN)-(ONN)-(ONN)-(PNN)-(PON)-(POO)
, on the other hand if we consider the two-level space-vector diagram, the reference vector is in the sector I of hexagon 1, and then the switching sequence (see Fig. 7 ) obtained of subroutine svmStd is: (111)- (110)- (100)- (000)- (000)- (100)- (110)- (111). Fig. 9 shows the signals which define the switching sequence corresponding to the three-level and two-level space-vector diagrams, as we can see the waveforms are the same for both space-vector diagrams the only difference are the number of switching states. Hence, it is possible to calculate the switching sequence needed in the three-level space-vector diagram from the switching sequence obtained by the application of the subroutine svmStd. Fig. 10 illustrates the switching sequence to generate a voltage vector in the area 1. The algorithm accounted for the fact that for all of the inverter phases the pair of switches S X1 , S X3 and S X2 , S X4 (X=A, B, C) commutate in a complementary way and therefore it is needed only to calculate two main control signals for each inverter phase.
It is important to point out that to generate the switching sequence (see Fig. 10 ) which is alternating between the states P and O (phase A) the switch S X1 has to be controlled by the signal (t phase_X ) which defines the switching sequence and the interrupter S X2 has to be kept in a high level (t high ). On the other hand when the switching sequence is alternating between the states N and O (phases B and C), the switch S X1 has to be kept in a low level (t low ) and now the switch S X2 has to be controlled by the signal (t phase_X ) which defines the switching sequence. In consequence the switches S X1 y S X2 have to be controlled by the main control signals and S X3 y S X4 by the complementary signals (see Fig. 10 ).
Once the switching sequence has been defined and analyzed in the 36 areas of the three-level hexagon [8] , it can be concluded that it is needed to know only the two-level hexagon where the reference vector is located to calculate the duty-cycles of the main control signals for the three legs of the three-phase NPC inverter. Fig. 11 illustrates the flowchart of the algorithm that assigns the duty cycles of the main control signals. 
V. CONCLUSIONS
In this paper two algorithms which demonstrated their usefulness to implement the simplified Space-Vector PWM for a Three-Level VSI were developed and experimentally validated. The first algorithm for hexagon identification reduces even more the complexity and execution time of the simplified SVM algorithm reported in [1] . The second algorithm developed for the assignment of the duty cycles of the main control signals needs only the data of the two-level hexagon in which the reference vector is located. In this second case the embedded subroutine svmStd in DSP56F8037 of Freescale ® designed for generating SVPWM signals for two-level inverter was used. In this work a way to extend this function for three-level inverter was developed.
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